Purpose: This paper reports the results of an analysis of a subset of data from a larger study on skill decay. It evaluates the performance levels of wind technicians at one and three months on safety critical steps using Situational Judgement Tests (SJT) and Job Knowledge Tests (JKT) to assess their emergency rescue and evacuation proficiency.
Introduction
The retention of skill after episodes of non-use or non-practice has significant consequences when the learned skills are not applied over a long period of time after training. When skills and knowledge are not used over an extended period, they gradually deteriorate ( . This is particularly dangerous in situations where workers are initially trained on skills and knowledge that they may not have the opportunity to routinely perform. Lack of inadequate evaluation of performance can potentially lead to inaccurate identification and prediction of skill decay. Workers, in the context of this paper, refer to wind technicians involved in the construction and maintenance of wind turbines (returning or refresher technicians and new or first-time technicians).
The safe and competent use of the constant rate descender requires specific operating skills. These wind turbine rescue and evacuation devices are commonly used for rescue of self and casualties during accident or emergency situations whilst working in a Wind Turbine Generator (WTG). Technicians tend to easily forget the procedural steps associated with these wind turbine rescue devices because it requires multiple steps to successfully deploy the devices and the steps are not cued by preceding steps (Lawani 2015) . Correctly reacting to unusual rescue situations will require the technicians to have the requisite skills and detailed understanding of the operating theory of the rescue and evacuation device (Reason 2008; Cesta et al. 2014 ). Most importantly, technicians require the skill and knowledgebased rescue training to understand the functional requirements of the different rescue and evacuation devices, thus equipping them to deal with different emergency scenario. This paper reports on the results of an analysis of a subset of data from a larger study on skill decay. It evaluates performance levels of wind technicians at one and three months on some safety critical steps by implementing 'Situational Judgement Tests' (SJT) and 'Job Knowledge Tests' (JKT) to assess their proficiency.
The Health and Safety at Work etc Act 1974; Provision and Use of Work Equipment Regulations 1998; Management of Health and Safety at Work Regulations 1999; all require secured and effective emergency response to incidents/accidents with the likelihood of affecting persons and this study extends this relationship to onshore/offshore wind turbine installations. Equally, initial response during emergency rescue and evacuation from a WTG is dependent on the competence and skill set of technicians that are involved.
Wind technicians undergo basic level height safety and rescue training endorsed by RenewableUK (RUK) and the Global Wind Organisation (GWO). The industry assumes that technicians should be able to retain their competence in a fluid work environment with upto-date knowledge and skills over a two year period before embarking on prescribed refresher training. Although, workplace and refresher training programs have both been identified as having significant roles in maintaining knowledge and skills; a common limitation is when such training fails to address the requisite skill. Therefore, this study adopts a quick and effective means of evaluating technicians' knowledge and skill. Regulations such as the Construction (Design and Management) Regulations 2015 (CDM) emphasises the significance of skill, knowledge, training, qualifications and experience which are core to efficiently carrying out emergency rescue and evacuation. Also, the Personal Protective Equipment at Work Regulations 1992 (PPE) requires that information, instruction and training must be provided to users and that the extent of these reflects the complex nature of the equipment involved. Such training and instructions will be particularly rigorous for items such as specialised PPE e.g. the emergency constant rate descender.
Skill and Knowledge Decay
Skill is a term describing the sequences of learned actions that are entrenched in the context of other on-going events. Skill acquisition has been described in terms of stage or phase designations defining different aspects of the learning process; see ( Qualitative changes could be associated to inconspicuous routines and habits of technicians and the absence of more obvious cues associated with the rescue kits.
Rationale for SJT and JKT
The Situational Judgement Test (SJT) for this study was developed as a job test to reflect the realistic descriptions of rescue and evacuation procedures. SJTs assess individuals' reactions to a number of hypothetical role relevant scenarios reflecting potential conditions that participants come across in their target role, (Patterson et al. 2016) . SJT is a measure of procedural knowledge in a specific domain. It is a measurement tool useful for evaluating job-related competencies and skills; and it is considered as a step detached from direct observation; and built on the behavioural consistency logic; (Lievens et . This study therefore implemented SJT to appraise procedural and some aspects of declarative knowledge and fluid skills. This was considered as an auxiliary and valid evaluation of performance for wind technicians lacking the opportunity for routine hands-on practice after formal training. Furthermore, the SJT assessment for this study mimicked the realistic process of carrying out a rescue using visual 2D pictographs of the rescue device. The procedural steps were randomised in order to measure judgement skills directly related to the process of hands-on rescue; (Motowidlo et al. 1990 ).
This study assumed that performances of wind technicians involved in the SJT assessment could identify elements of lack of retention in safety critical steps related to emergency rescue and evacuation.  dangers of working at height;  how to assess the hazards and implement effective controls;  how to use restraint, positioning and fall arrest systems;  selecting proper anchor points;  practical climbing on ladders using fixed vertical safety systems;  recognising and dealing with suspension trauma;  planning for emergency procedures;  features and limitations of the rescue equipment being used; and  how to rescue a suspended colleague from an in-reach or out-of-reach situation.
The SJT/JKT was practical to administer to wind technicians and the identification of the safety critical task steps and the correct performance sequence of the constant rate descender were mutually identified by the author and RUK accredited specialist training company. The assessment was calibrated by adopting the cumulative sum approach (Bohm & Hackl 1996 ) based on correct rescue and evacuation performance steps. Therefore, both SJT (procedural knowledge) and JKT (declarative knowledge) assessed job-specific knowledge; and measured various kinds of procedural knowledge such as critical decisionmaking situations.
Reliability of SJT and JKT
The research embarked on a pilot study with 15 wind technicians to explicitly refine and develop the research instruments ( 
Wind Technicians & Type of Training
The basic height rescue and evacuation training is mandatory for wind technicians that access and work both onshore and offshore in WTG during stages of construction, commissioning, operations and maintenance of wind turbines. Therefore, assessing the technician's capability to correctly and procedurally execute the acquired rescue skills after periods of non-practice is essential to avoid complications during times of emergency rescue. Participants for this paper comprise of 'returning' and 'first-time' wind technicians registered to undergo the two-day mandatory RenewableUK (RUK) and Global Wind Organisation (GWO) approved work at height and rescue training, (RenewableUK 2014).
Sources of Data
The data for this paper was collected by the researcher after undergoing training and mentoring with the RUK approved height safety and rescue specialist training company.
Description of applied Research Method
This study initially recruited 82 wind technicians with varying years of on-the-job experience, skill, training and competence (0 to ≥ 10 years) which is assumed to represent the wider population. The rationale for engaging these number of technicians was to accommodate drop-out effects in longitudinal research (de Vaus 2001; Creswell 2014). Drop-out are often associated with longitudinal research most especially when there are no incentives for participants to continue over a period of time as was the case for this study. Therefore the longitudinal study focused on participants that took part in the whole assessment session. The wider study collected data before training (pre-acquisition); during training (acquisition); immediately after training (peak acquisition) and this paper focuses on the post training data (retention) at one and three month periods.
The rationale for adopting the timeframe of one and three months was based on research that non-routine complex procedural tasks are highly subject to forgetting after a relatively short period of non-practice, ( Similarly, based on the peripatetic nature of wind technicians and the prescribed refresher timeframe of two years by RUK and GWO, this study objectively adopted an early refresher timeframe of one and three months predicting that technicians would not have embarked on any rescue and evacuation training or practice drills after formal training. Therefore, 30 wind technicians fully participated in the skill and knowledge assessments from preacquisition to post-acquisition phases accounting for drop-out effects.
The wind technicians were presented with randomised procedure of how to use the rescue device for evacuation purposes. They were required to procedurally simulate lifting and lowering of a casualty involved in an accident over a short distance by implementing the correct sequence. These procedural descriptions are requirements of the formal training that wind technicians will typically come across during rescue and evacuation of casualties involved in accidents within the WTG.
Measures and Data Collection
Retention measures were conducted online at one and three months using structured Job Knowledge Test (JKT) and Situational Judgment Tests (SJT) for knowledge and skill assessment; by adopting the approved tests by the regulating body. The SJT enabled wind technicians to recognise the specific recue device (from 2D pictograph) which is one of several rescue devices they get trained on. The SJT also helps the technicians to identify and simulate the correct procedural step-by-step method of using the rescue device; presented as written description of realistic rescue and evacuation operation.
The JKT covered aspects such as introduction to personal fall protection; general safety requirements for work in a WTG; procedures for access/egress and working within the turbine; selection, care and maintenance of equipment; restraint, work positioning and fall arrest systems; principles of continuous attachments; types of anchorage in WTG; suspension syncope and emergencies based on the RUK prescribed testing for technicians.
Findings: Situational Judgement Tests (SJT) Results
The SJT assessment had 10 procedural steps needed to carry out rescue. These steps were randomised at one and three month retention assessments to evaluate if technicians could recall the sequence. Figure 1 shows the performance change at one month and three month retention measures. The study applied a limit state performance of 70% as a benchmark of good practice (Lawani et al. 2015) . The result indicated that 14 wind technicians performed below this 70% benchmark at one and three months retention while 16 technicians performed at ≥ 70% benchmark. Four technicians had performances of <70% at one month retention but showed improvements in their performance at three months retention (≥70%). These four technicians were identified as those that had undergone the refresher training meaning they have previously been trained on the rescue device which could probably be the precursor for the performance spike. Similarly, the 2D pictograph incorporated as part of the evaluation process could have positively triggered the returning technicians' recall of the implementation of the rescue device. Conversely, four technicians had performance dip from ≥70% to <70% and these were identified as new technicians that have undergone the rescue and evacuation training for the very first time. Their performance dip could be as a result of their lack of competence and non-practice with the rescue device. This indicates that skill decay is pervasive at one and three months after the formal rescue and evacuation training with new technicians. It also indicates that the highest degree of skill decay is predominantly within the first four weeks after training and then thereafter.
The wind technicians were assessed on five safety critical steps (3, 5, 7, 8 and 9) to determine their susceptibility to making errors and the tendency to further complicate the rescue process. These steps include: attaching control rope to friction stud; locking off the CRD (brake) and turning the plunger on the side to prevent free fall; pushing the silver ball bearing button to close up wheel; unlocking the CRD (brake) by off weighting the wheel and pulling out the plunger quarter turn; and finally folding the handle back into groove to prevent accident. The average performance from the data indicates that the technicians showed no improvement in their ability to successfully execute task steps 3, 5, 7, 8 and 9 at one month and three months retention intervals, see Table 1 and Figure 2 . These five safety critical steps are fundamental to the rescue process, i.e. lifting and lowering a casualty from an in-reach and an out-of-reach environment. Figure 2: Performance output per skill step at one and three month for 30 technicians Figure 2 shows the performance output and safety critical steps that technicians displayed no improvement. Fourteen (14) technicians could not correctly execute task step 3 at one and three months; i.e. attaching control rope to friction stud. Seven (7) and 13 technicians could not correctly execute task step 5 at one and three months; i.e. locking the device using the plunger on the side of the device to prevent free fall of casualty. Nineteen (19) and twenty-one (21) technicians could not successfully execute task step 7 at one and three months i.e. closing up the device wheel using the silver ball bearing. Nineteen (19) technicians could not execute task step 8 at one and three months; i.e. unlocking the brake system of the constant rate descender (CRD) by off weighting the wheel & pulling out plunger quarter turn. Twenty-two and twenty-four technicians could not successfully execute task step 9 at one and three months; i.e. folding the handle back into groove to prevent accidental contact with the rescuer and casualty and this could further lead to a more complicated rescue scenario. The technicians consistently showed no improvement in their performance on these five safety critical steps which are considered fundamental to a successful execution of rescue and evacuation of a casualty using the device.
These safety critical steps make up part of the procedural process not cued by the device and when forgotten; could further complicate the rescue process, the safety of the casualty and the rescuer. These further confirm that some safety critical steps regarding the use of the rescue device are amenable to the impact of skill decay at one and three month retention intervals. This indicates that with the passage of time there is a pattern of decay regarding the correct implementation and sequencing of rescue and evacuation by wind technicians in the absence of hands-on practice.
Job Knowledge Tests (JKT) Results
The design of the JKT assessment had 15 knowledge questions for assessing technicians' declarative knowledge of rescue and evacuation. These questions were randomised at retention intervals of one and three months to evaluate if technicians could recall the correct answers. The 70% limit state performance was also implemented and Figure 3 shows performance scores at one and three month retention for 30 wind technicians. It identifies that 24 wind technicians performed above ≥70% while six were below the specified limit state. The performances in the JKT assessment also indicate some convergence in the scores over this timeframe. Three technicians performed below the 70% limit state at one month retention and above 70% at the three month retention assessment. These were technicians that had undergone the refresher training exercise. Similarly, three technicians that performed above the 70% limit state in the one month retention test performed below the 70% limit state at three months retention and these were identified as technicians that had undergone the training for the very first time. Overall, this study identified a pattern and consistency of performance regarding the JKT test which reveals higher retention compared to skill performance at one and three month retention. Figure 4 shows the output from the 15 questions used for the one and three months JKT retention assessment while Table 2 shows the number of technicians that accurately provided the right answers to the safety critical knowledge questions (i.e. questions 4, 7, 9, 11, and 12) and technicians that got it wrong. The JKT assessment on the five safety critical knowledge questions reveal that Q7, Q9 and Q12 showed some increment in the number of technicians that got the questions wrong over the one and three month retention intervals while the number of participants that got Q4 and Q11 wrong declined.
Discussions, Practical Implications and Conclusions
The SJT results show 16 technicians with performances ≥70% and 14 technicians at ≤70% at one and three month retention. This indicates that some technicians (typically new or firsttime) will struggle to sustain their competency after three months if they are not exposed to some forms of practice after initial rescue and evacuation training. It indicates that the lack of non-routine practice by technicians could lead to skill decay and this study proposes a Previous studies have emphasised that in many domains, expert performances are displayed by individuals having more than 10 years of experience, see Patel & Groen (1991). However, Ericsson et al. (1993) was keen to point out that a sufficient amount of experience or practice does amount to maximal performance as previously believed. This paper identifies that both new and returning technicians with diverse experiences attained variable performance scores in the SJT and JKT assessments. Therefore, SJT and JKT has the capacity to improve the performances of highly experienced and skilled but yet individually different wind technicians when they embark on an abridged deliberate and routine forms of practice of rescue and evacuation procedures no more than three months after initial training, (Ackerman 2013).
The results from JKT assessment show that 24 wind technicians had average performance scores of ≥70% while 6 technicians had performance scores <70% at one and three months. This result further reaffirms that the retention of knowledge can be sustained longer than skills. It also identifies that wind technicians are capable of maintaining their knowledge base up to three months, . A point of caution however is that too much reliance on high performance scores from knowledge assessment will lead to a false sense of security in terms of overall procedural competence of the wind technicians. The five safety critical steps (Table 1) identified in the SJT assessment based on the rescue and evacuation device are uncued, lack logical procedure and these steps tend to be least likely recalled; Lawani, 2015) . This study identified that the uncued safety critical skill steps showed no performance improvement at one and three month retention after initial training. Therefore, the device reported in this paper falls short of logical, procedural task steps which could be one of the contributory reasons why technicians tend to easily forget these safety critical steps inherent to the device.
Findings from this paper, which are based on primary data, suggest variable rates for skill and knowledge retention at one and three months. It can be inferred that the degree of successful performance of technicians on these assessments are largely dependent on their aptitude, learning and training, experience or the type of practice and instructions previously received. To attain consistency in rescue and evacuation skills, there should be sustained and deliberate practice of such skills that is bespoke.
Safe rescue and evacuation from a wind turbine requires robust procedures to be firmly in place and this study recommends that employers should intermittently evaluate the technicians' training, skills and competence to minimise the effect of skill decay. Likewise, future designs of rescue and evacuation devices should incorporate fewer task steps as this could likely improve retention. Other allied industries like telecommunications, industrial climbing & rigging, scaffolding, and tower crane using rescue devices are also prone to similar retention of rescue skills. This paper concludes that implementing SJT and JKT assessments as an evaluation tool can provide useful information relevant to skill and knowledge retention and for strategic refresher training purposes.
Lessons for worker safety in the broader construction industry; and implications for international industry practices
The result from this study suggests that first-time technicians involved in rescue and evacuation training but without the opportunity for routine practice could potentially be vulnerable to accidents even after initial training, i.e. quicker skill decay. This could be curtailed through timely evaluation of their performance on some safety critical rescue steps and selective retraining and mentoring opportunities in order to improve their competency.
This study can potentially inform rescue and evacuation device manufacturers in minimising complex deployment steps; introducing cues and error correction strategies; and simplified instructions in the deployment of the rescue kit. The wider impact of this research is the ability to replicate the SJT and JKT forms of assessment in other height rescue kits used for emergency rescue and evacuation of workers.
